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(57) ABSTRACT 

In a cellular telecommunications system in which a geo- 
graphic area is divided into a hierarchical cell structure such 
that geographically small but high bandwidth-available cells 
are located in geographically larger cells of less bandwidth- 
availability, mobile station connections are made based on 
the bandwidth requirements of the mobile stations together 
with the likelihood of mobility of the mobile station within 
the cell structure. For mobile stations that have low band- 
width requirements and are highly mobile (such as 
telephones) the mobile stations are connected to cells at a 
cell layer having relatively large geographical areas yet low 
bandwidth-availability. On the other hand, for mobile sta- 
tions with high bandwidth requirements, the mobile stations 
are connected to geographically small cells with high 
bandwidth-availability. In this way, mobile stations with 
high bandwidth requirements yet low mobility can obtain 
the high bandwidths needed for their communications, while 
mobile stations with lower bandwidth requirements yet high 
mobility can move through the cell arrangement while 
minimizing the number of required handoffs. 

16 Claims, 7 Drawing Sheets 
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Fig. 1 PRIOR ART 
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Fig. 2 
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Fig. 4 PRIOR ART 
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BANDWUH SUPPLY DEPENDENT CELL cell Al into, for example, cell A2, the base station AT 

bainuyyiih °^~ VEL hand-off service for the mobile station to the new base 

station A2\ Ideally, the hand-off procedure is seamless to the 
CROSS REFERENCE TO RELATED user of the mobile station. There are a number of known 

APPLICATIONS 5 hand-off techniques which can be employed to improve the 

. „ XT mobility and seamlessness of the mobile stations during 
TTiis application relates to U.S. application Ser. No. ^ ^ 

09/203326 filed Dec. 2, 1998, entitled "Page Response On ^ ^ o£ordiDary ^ k te ^ understand, each of 
Existing Radio Signaling Channel" which is incorporated ^ ^ ^ ^ ^ ^ M h ^ a mhcrent H mitation on 
herein by reference. 10 ^ amount 0 f traffic that they can process. Thus, each cell 

™ r, ™ <ruv TMVPisrnnw has an associated bandwidth with which it must (ideally) 

HELD OF THE INVLNIION accommodate all of the mobile stations within its geographi- 

This invention relates to telecommunications systems, ca i area . Once the bandwidth is employed by active mobile 
and more particularly to communication systems for mobile JS stations, no further traffic service can be provided by the 
terminals. base station in a particular cell until one of the active mobile 

stations concludes its call and thereby releases some band- 
BACKGROUND OF THE INVENTION width for other mobile stations. Availability of sufficient 

c i bandwidth in respective cells becomes increasingly impor- 

A cellular mobile system «^ rf 20 L as more and more mobile stations are bemg used within 

blocks, the most basic of which include the mobile station, ^ ^ ^ ^ ^ geography of me cell 

the base station, and the mobile services switching center. stmctures ^ ^ amount of ^^ge ^a that each 
The functions of each of these are well known in the art The ticular cell ^ces) is a design factor in creating cellular 

mobile station is used by mobile stations to communicate networks , j^us, the uniformly sized and shaped cells shown 
with the cellular system. The types of mobile stations that ^ ^ ^ Q 1 ^ Qot fee ^ noUQ ^ sincc nctwor k designers will 
exist vary widely in range from, for example, hand-held ^fejUy reduce the size of cells in high traffic areas and 
telephones, to laptop computers or other personal commu- increase the size of cells in low traffic areas. Still, new and 
nications devices. A mobile station communicates with the improved techniques for efficiently using the bandwidth 
cellular system using a radio channel to a base station. Base ava ilable in a cellular network are commercially valuable 
stations are responsible for communication over the air to 3° advances. 

and from the mobile stations within its geographic area of SUMMARY OF THE INVENTION 

assignment. mbasestation™ d embodiment of the 

semcesswitchmg^ ^ a ^ graph P ical area is divided geographi- 

switching functions related to call processing. The MSC 35 P ^ q . x of differently cells. That 
communicates with the base stations on one side and with ^ / first layer c f celk divides a geographical area into small 
external core networks on the other side. ^ and thea the geographical area is divided 

The cellular network is divided geographically into a again kt0 large ^ over l a pping, cell groups. Still further 
plurality of cells defining graphic areas where radio cover- overlapping layers may be employed in addition to the first 
age is available. Each cell is serviced by one base station and 40 ^ layers This is generally referred to as a hierarchical cell 
employs one or several frequencies (depending on traffic structurc . 

load) which are different from the frequencies employed by fa ^ hierarchical ^ structure, the lower layer of cells 
neighboring cells. ( tne geographically small cells) offer higher bandwidth to 

FIG. 1 illustrates an example embodiment of a cell design 45 mc mobile stations within it, while the higher layer cells (the 
for the mobile communications system. Each of the circles geographically larger cells) offer lower bandwidth availabil- 
shown in FIG. 1 is a coverage area £or a particular base ity t0 tne mo bile stations in its geography, but provide 
station, with the base station shown as a dot in the center of coverage over a larger geographical area, 
the circle. Thus, cells Al, A2, A3, and A4 are geographical {n ^ hierarchical cell structure, geographically 

coverage areas for the mobile stations moving through them. small but bandwidth-available ceils are located within 
Respective cells Al, A2, A3 and A4 are geographically geographically larger cells of less bandwidth-availability, 
defined by the effective air communication distance which fa ^ preferred cm bodiment of the present invention, the 
the base station associated with the cell can provide. The bandwid th requirements of a mobile station are taken into 
distance is dependent upon a number of factors, such as the 5S account when Agoing a cell to the mobile station follow- 
power level of the signal output of the base station and of the ^ ^ ^ request A moD ile station sends a bandwidth 
mobile stations within the base station cell. The base stations requirement request with a call request, then the bandwidth 
M^A2^A3^andA4 , a^eshownwithintheir^espectivecells Kqussi ^ ^d to determine whether the mobile station 
Al, A2, A3, and A4. shou id be assigned to a cell having smaller geography and 

Traditionally, as a mobile station moves within a partial- larger bandwidth availability or to a cell having larger 
lar geography, it may move from one geographical cell area geography and smaller bandwidth availability, 
to another geographical cell area tas result in a hand-off DESCRIPTION OF THE DRAWINGS 

procedure between the respective base stations of the cells. . ... 

Thus, for example, when a mobile station is in cell Al and 65 Other advantages and objects of the present invention will 
is engaged in an active call, it is communicating with base be described in detail with reference to the accompanying 
station Al'. But, when the mobile station moves from the drawings, in which: 
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FIG 1 is a simplified schematic diagram of an example first hierarchical level), the cell Bl (the second hierarchical 
prior art cell structure; ° r the °* CI (the tod hierarchical level). When the 

y , ^. , „ , , mobile station at point "X" is communicating in cell A3, it 

FIG. 2 is an example hierarchical cell structure; ^ ^ ^ ^ ^.^ ^ ^ & frequency ^ 

FIG. 3 is another example hierarchical cell structure; 5 base station A3*. Qn the omer nandj ^ t he mo bile station at 

FIG. 4 is a prior art simplified schematic diagram of a p 0mt «x" is to communicate via cell Bl, it communicates 

mobile radio communication network; with base station Bl* at a frequency associated at Bl'. 

FIG 5 is a schematic diagram of an example embodiment Finally, if the mobile station at point "X" is to communicate 

of the present invention; 10 via cell CI, it does so by communicating with base station 

nG.6isaschematicdiagramofanexampleembodiment CI' at a frequency associated with base station CI', 

of the present invention; and Importantly, the mobile station at point "X has the oppor- 

„ „ . j su **u on » vamn i*. tunity to obtain a relatively large bandwidth for its commu- 

FIG. 7 is a flow diagram in accordance with an example • ♦ !•„ ~n a*i «;n~ rell A3 is 

^ . . mcation if it communicates via cell A3 since ceil A-3 is 

embodiment of the present invention. ^ geographically small but high bandwidth-available. On the 

DETAILED DESCRIPTION OF THE other hand, if the mobile station communicates via cell CI, 

PRESENTLY PREFERRED EMBODIMENTS it will have relatively low bandwidth-availability for its 

j -ju « communication yet can travel a large distance (compared to 
The present cellular system maximizes bandwidth effi- M or before requiring any hand _ off . 
ciency for many different types of mobile stations^ ^c^ng 20 ^ { recognizes ^ existe nce of a 
mobile stations that have relatively narrow bandwidth ^ advantages fof ^ mobilc station at ^^xrin 
requirements (such as mobile telephones) and mobile sta- ^ tf ^ mobile station at point « X " is a high 
tions that have fairly large potential bandwidth requirements requirement devicCj it has a better chance of 
(such as multimedia processing devices). In a network ^ ^ ^ requirements from cell A3 
system such as shown in FIG. 1, each mobfle station is ^ ^ ^ ^ ^ a Qn ^ ^ hand> tf ^ mobik 
generally provided with the same narrow bandwidth avail- fa wmmunicating via cell ^ it fe relative ly limited 
ability to the cellular system as all other mobile stations. As fa ^ hica] movcment w^m requiring a hand-off 
connections of different bandwidth and traffic capacity from ^ to m adjaC ent cell to which it is 
requirements are introduced and the demands for wide-band 30 * ^ ^ mobile station al ^ « x » can 
connections come up more frequently, the cellular structure ^ ^ ^ geographical distance in the ge0 . 
described in FIG. 1 proves less and less adequate. graphical area 20 if it is communicating in cell CI, without 
Hie hierarchical structure of FIG. 2 begins to satisfy some any hand-off procedure. Atradeoff thus exists for the mobile 
of the requirements for wide-band connections. In the 35 stat j on at po mt «x" between obtaining high bandwidth 
embodiment of FIG. 2, a geographical area 20 is divided communications versus achieving high geographical mobil- 
into, for example, three different hierarchical levels of cells. ^ without requiring hand-off procedures. 
The first hierarchical level of cells divides the geographical nG 3 mustrates ^ hierarch i ca i levels of cells shown in 
area 20 into a large number of relatively small cell regions nQ ^ ^ a more simpUfied format . In nG . 3> the geo- 
Al, A2, and A3, etc. Each of these cell regions Al, A2, A3, 40 jrf / al ^ 20 has associated with it three hierarchical 
etc. is serviced by, respectively, base stations Al', A2', and rf ^ ^ fifst leyel of ^ 3Q m geographically 
A3'. At this level, the cellular structure generally corre- ^ ^ m kyer ^ must shafe its fixed 
sponds to that shown in FIG. 1. Alternatively, as the artisan bandwidth ^ a relatively small number of users and thus 
will understand, one base station can serve several cell ^ ^ highef bandwidth to ea ch particular user within 
regions. its geographical cell area. The cells in layer 31 (the second 
However, the geographical region 20 of FIG. 2 includes hierarchical level) are geographically larger and thus pro- 
higher levels of cell structures overlapping the first hierar- vide less bandwidth availability per user than would be 
chical level of cells Al, A2 A3, etc. In the second hierar- expected with respect to the cells in layer 30 (of course, 
chical level of cells, the geographical region 20 is divided 50 popu i at i on densities may create exceptions to this 
into moderately sized cells Bl, B2, etc. which are serviced expectation). Still firmer, the cells in layer 32 (the third 
by, respectively, base stations Bl', B2', etc. hierarchical level) cover still further greater geographical 
Then, in the example embodiment of FIG. 2, the geo- are as and thus generally provide still less potential band- 
graphical region 20 is divided into a still further hierarchical 55 width per user than levels 30 or 31. In making the corre- 
level (in this case a third hierarchical level) comprising spondence between the embodiment of FIG. 2 and the 
relatively large geographically arranged cells CI, C2, etc. embodiment of FIG. 3, the cells Al, A2, A3, etc. would 
serviced by base stations CT, C2', etc. Still further layers of reside in layer 30; Bl, B2, etc. reside in layer 31; and the 
hierarchical cells can be added to the three layers shown in cells CI, C2, etc. reside in layer 32. Of course, the geo- 
PIG. 2. 60 graphical area 20 may be divided into more or less numbers 
With the hierarchical structure shown in FIG. 2, when a of hierarchical layers than that shown in FIGS. 2 or 3, 
mobile station is located in the geographical region 20 depending upon the design constraints and benefits desired, 
identified at the point "X," the mobile station can be Further, although the cells are shown in FIGS. 2 and 3 of 
connected to the cellular network via any one of three 65 uniform shape and size within each hierarchical level, this 
different base stations. First, the mobfle station at point "X" need not necessarily be the case. That is, the cells in layer 30, 
can be communicating via the base station in cell A3 (the for example, may be relatively small geographically, yet be 
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can be true for layers 31, 32, etc. In FIGS. 2 and 3, one can AS, yet remainmg within cell B3. The laptop PC2 (which 

anwetia^ that ™Wte station in the geographic area 20 when communicating on the cellular network is more like y 

appreciate that a morme « <> J b ^ ^ ^ velocity v2 approximately equal to 
^^^c^.^tl^ 5 zerowiiceUA4andceUB3.rnevel<Kityofthedi ff erent 

cells at layer mu can m * ^ ^ pC2 fc relevan , me transition of any 

before leaving a cell in layer 32. ^ ^ a 

Thepreferredembodu^entofttepresen — ^e ^ ^ ^ ^ ^ 

call connections in accordance wito at tot Mo hc*^ the * ^ ^ base station of A4> tne mobile 

barKlwidthrequnementofthemobilesUUonandthepo^ u ^ ^ ^ ^ ^ M 

tialmobmtyofmemobnestaUon.AsshownmFIG.5 wo ngceU as as i, moves from cell A4 

different types of mobile stations are shown, a mobile staUon Qn ^ ff ^ ^ MS3 .. 

telephone (MSI) and a mobil, = station ^laptop computmg me base station ^ 33, the 

device (PCI). Traded ly, the high ^^T^ u mobile station MS3 can move from the geographical area of 

mobile stations will be laptops (such as PCI) rather than geographical area of cell A5 without 

telephones(suchasMSl)(althoughthismay not necessarily ^ ff ^ dure ^ ffie ^ B3 encom- 

always be the case). pas sesbothcellsA4andA5.Accordingly,themobilestation 

In addition, the present invention also recognizes that it is ^ ^ nQt ^ a hand . off procedure( if it is commu- 

more likely that the high bandwidth requirement device M ^ ^ base rf ceU ^ ^ ft fcaves the 

(such as the laptop) is more likely to be used by a person ^ ^ ^ 

who is not moving in the geographical area 20 as compared communicating 

,0 a user of a lower bandwidth requirement device (such j» A4 is the bandwidth 

a celklar telephone), in any event, as shownmFIG^ w*h ^PP ^ ^ ^ ^ & ^ 

high bandwidth requirement device, toptop PCI, commum- 25 traffic capacity as 

cates with the core network 50 via RNC 51 by ■ JJJPigJ ■ ^ V ft fc ^ 

eating with a base station in cell level 52 while telephone V be {q ^ 

MSI (with a flower ^^^^^ Si MS3 if R communicating with the base station of 
at cell level 53. As shown in FIG. 5, the cell level 52 ; a 3Q ^ rf ^ ^ 

ZZZ^Zt^XS^^, Tnis banSth availabHity is generally the concern* 

iransponauuu utpd^ . ^ _ ' . rtf thp 0 f ce ll A4, where a higher bandwidth availability is more 

station does not necessarily depend on the size of the cell, 01 ceu /vt, wuw* su 

the base station 54 (to which the telephone MSI is ^"^^^^^f^™ pc2 

communicating) must divide its transportation capacity With both the mobile station MS3 and toe laptop ,PC2 

TZog a greater number of users than does, for example, when the mobile terminal ongmates a cdl the terminal 

base station 55 at cell level 52. Thus, telephone MSI 40 (MS3 or PC2) can choose a high level base station or a low 

srenerallywillhaveavailabletoitlessbandwidthavailabuity level base station (corresponding to level 30, 31, or 32) 

S^SSof PCI, because telephone MSI is communi- based on the bandwidth requued for the paruciUar mobde 

cLg at a Signer level cell structure (at cell level 53) than terminal as well as the UtolAood of, nobility of the mob Je 

Lp toP PCl(atceUlevel52).Ofcou re e,onec a n S eefrom 45 terminal in the geographic area ,20 The mobile tennmalcan 

HG 5 that me laptop PCI cannot move geographically in thus choose either higher bandwKhh avadabdity or rnghe 

cell level 52 relatively far before a handoff must occur mobility without handoffs by selecnng a high medium or 

among the base stations 55 and cell level 52. On the other low level cell layer. Once the mobile terminal makes the 

hand, the telephone MSI can travel relatively farther geo- selection, it can initiate ^ hon ^! e ^^ 

graphically in cell level 53 before a handoff must occur. 50 associated with that cell layer. If the network decides that the 

The example of the present invention shown in FIG. 6 mobile terminal has made an inappropriate «»" 

a££fa movement characteristics of mobile stations '^^^^^^"^T^^ 

arTtheir relevance to the present invention. As shown in another cell level, either by forcing a **"*^JV 

FIG. 6^ the geographic area 20 has two cell levels. THe firs. 55 rejecting the call at the first base station witt 1 a me^ge to 

ceU level hat relatively small geographic cells, A4, A5, and the terminal to try a different base staUon at another^ ceU 

M tS se^nd hierarchical cefLl has one cell of level. In addition, if a mobik temmalwim taghbandw^ 

«htively Sir geographic size B3. In the geographic area requirements attempts to set up a caU through a base _station 

^^iSIZ^M^JJ^M atalowhierarchicall, .vel^ ^^'ZlSS^Si 

rsince A4 and B3 are overlapping). In addition, a laptop 60 cell for the low hierarchical level the nehvork can free 

(since A4 ana oj arc ovcua^. &/ r caoacitv uo f or the high bandwidth mobile terminal by 

computer PC2 is operating in the cellular system in its capacity up ior inc mgu i„ 

Nation within cell ^4 and cell B3. Although it is not forcing presently active low-bandwidth ^mobile termmab m 

TXZ^Tt, it is more probable that the mobile station the cell to handover to base sta.ons at higher Hierarchical 

MS3 will be moving within the geographic region 20 than 65 levels. 

a,atthelaptopPawulbemovinginthegeographicarea20 In an alternative network connection W 

during communication. Thus, the mobile station MS3 is originating calls do not enable the mobile terminals to 
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individually select cell hierarchical levels for their switching center (MSQ places calls to toe mobile termuiak 

LmunicaLs, but instead transmit their bandwidth (MSI, MS2 MS3, MSn, PCI, and PC2) m accordance , w«h 

requirements and likely mobility criteria to the network for the bandwidth requirements and mobdi* of the especttye 

^networktothendetermincatwhichc^lllevelthemobilc mobile terminals In ^-^^ '^l^uS 

terminal call connection should be connected. Then, the 5 the mobile terminals (MSI, MS2^ M »> M f>\ PC ^ 

networkcan communicate to the mobile terminal which base PC2) choose base stations in accordance with the bandwidth 

station (at an appropriate cell level) the mobile terminal requirements and mobility of the mobile terminab , aU m 

should communicate with to connect the call. Thus, when accordance with the teachings of FIGS. 2, 3 5, 6 and 7 ot 

the terminal has a high requirement for bandwidth (and is 10 the present application. Of course, tins is simply an exampfc 

fixed or moving very slowly), the network will attempt to embodiment of the present invention and one of ordinary 

choose to route the mobile call (whether originating or skill in the art will understand that modnicaUons to the 

terminating) via a base station belonging to a low hierar- system components and elements may be incorporated while 

chical level (such as layer 30) in order to be able to offer a retaining the general features of the present invention of 

higher transportation capacity to the mobile terminal On the « selecting communication with ceLs and various hierarchical 

other hand, when the terminal has a lower requirement on cell levels in accordance with the bandwidth requirements 

bandwidth (but is moving relatively quickly in the geo- and mobility of the mobile terminals 

graphic area), the network can choose to route a mobile call FIG. 7 illustrates a flow diagram of a mobde ongma ed 

(either originating or terminating) via a base station belong- w call in accordance w.th an example embodiment of the 

tog to a higher hierarchical level in order to offer greater present invention. In FIG. 7, the mobde te^al analy zes its 

mobility to the mobile terminal without handoffe. bandwidth requirement at step 6 0. Traditionary tins wUl 
In accordance with the present invention, the following mean that a mobile term* alinvolv edin »"P^B**» ns 

in accoruancc wiiii F ^ ^ ^ wl u require higher bandwidths than a 

condiuons should be vahd: 25 Uile terminal used for telephone conversation, although 

Overlapping celU (such as Al Bl and CI in FIG. 2) must ^ ^ ^ ^ ^ ^ qq ^ aQa , ysis of ^ 

use ^ nt / rc 7 n ^ 1 bi ^ ; r2 „„ ~ _ US£ bandwidth requirement, themobile terminal will select a cell 

T^ZitZL level,(forexample,level30,31,or32ofFIG.3)atste P 61. 
a!S£^££** can be embodied in the 30 After selecting die cell level at step 61 the mobile terminal 

present invention includes a possibility to change hierarchi- will attempt a connection to a correspondmg base station for 

STSl levels for a currenuy-used connection during on a cell in the cell level selected, at step 62. The network wdl 

going transmission session to one that is more appropriate to then corroborate, at step 63, whether the mobde terminal has 

L Lnt traffic and roaming behavior of the Mobile Ter- appropriately selected a cell leve or which the conn«*on 
minal. This requires that e.g., the network collects statistics 35 attempt was made at step 62. If the mobile termina has 

on the recenVbehaviors of terminals in regard to their selected and attempted to connect to an apprc^riate cell level 

roamin and used bit rate at sle P <4 > the P rocess ™& proceed to step 66. If not, the 

10 HO 4 illustrates a general prior art mobile communica- process will proceed to step 65 where the network forces the 

tions system into which the present invention can be incor- mobile terminal to handoff to a base station of a ceU of a 

porated in order to improve the system. In particular, the different level. This will happen, for example, when a 

mobile system comprises mobile stations MSI, MS2, MS3, mobile terminal can employ a smaller bandwidth yet 

MSn communicating with base stations associated with the requests a cell level having a higher bandwidth .capability, to 

cells within which the respective mobile stations are located such a case, the network wdl force tie mobde terrmnal to 

(the base stations are BS1, BS2, BS3, BS4, etc.). Of course, 45 handoff to a cell level having lower bandwidth avadabuity 

me example of FIG. 4 is simplified in that more mobile at step 65. The process will then return to step 62 where the 

stations may be used per base station and more base stations mobile terminal will attempt connection at the new cell level 

mav be employed per cellular communications system. In dictated by the network at step 65. 

addition to the mobile stations MSI, MS2, MS3, MSn, If the mobile terminal has attempted connection to an 

additional mobile terminals such as computers PCI, PC2, 50 appropriate cell level at step 64, the network :then determuies 

etc may be communicating by cellular communications to whether sufficient traffic capacity is available in the cell at 

base stations BS1, BS2, BS3, and BS4. The base stations the cell level selected by the mobile terminal at step 61 If 

BS1 BS2, BS3, and BS4 include, as one of ordinary skill in sufficient capacity is available for the mobile terminal at toe 

the art will understand, base station controllers which com- ss bandwidth requirement determined at step 60, then at step 

municate with the mobile services switching center (MSC). 66, the determination will be "yes and the network wd 

The MSC incorporates a visitor location register (VLR). connect the call at step 67. If, on the other hand, u^Boa* 

This mobile services switching center (MSC/VLR) commu- capacity is available at the cell level requested by the i mobde 

nicates with outside core networks such as the public terminal at step 62, the process goes to step 68 where the 

switched telephone network (PSTN). In the present 60 network inquires as to whether any mobde terminds are 

invention, the base stations BS1, BS2, BS3, BS4, etc. are involved in active calls in the cell at ^appropriate cell levels 

arranged in order to form a cell structure shown. In accor- determined in step 64. That is, at step 68, the network 

dance with the present invention, the base stations are analyzes the active calls in the cell of the cell layer in which 

arranged to form the cell structure shown in FIGS. 2 or 3 or 65 the mobile terminal wishes to make connection at step 62 by, 

a similar hierarchical cell structure in accordance with the forexample, determining whether mobile terminals active in 

teachings of the present invention. Then the mobile services the cell are lower bandwidth-required devices operating in a 
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higher-bandwidth available cell layer. If any mobile termi- 
nals at step 68 can be moved to a lower bandwidth-available 
cell in order to make traffic capacity available for the mobile 
attempting connection at step 62, the network will force the 
misplaced mobile terminals to handoff to cells of higher 
hierarchical levels at step 69. 

Then, the process returns to step 66 where the network 
again determines whether traffic capacity is available in the 
cell now that the misplaced mobile telephones have been 
forced to handoff to higher level cell layers in steps 68 and 
69. If sufficient capacity is available at step 66, the call is 
connected through at step 67. If, on the other hand, sufficient 
capacity is still not available at step 66 and no additional 
mobile terminals can be moved to higher level cell layers at 
steps 68 and 69, the process proceeds to step 70 where the 
network conforms the current mobile terminal that it must 
handoff to a different cell layer (usually a lower bandwidth- 
available cell layer) than the mobile terminal would desire, 
at step 70. This will allow the mobile terminal to then make 
connection at step 62 although the connection will be made 
at a higher cell layer than the mobile terminal normally 
desires (thus, for example, slowing communications for the 
mobile terminal). 

If, on the other hand, the call originates from a core 
network and is to terminate at a mobile terminal, the network 
inquires as to the bandwidth requirement for the mobile 
terminal. This, for example, will take the place of step 60 in 
FIG. 7. The following then, is a fairly detailed description of 
how the cell level for a connection is then chosen in the 
hierarchical cellular system once the bandwidth requirement 
for the mobile terminal is determined for a core originating 
and mobile terminal terminating call. First, the required 
bandwidth for the connection will be sent to the access 
network in a negotiation procedure preceding the actual 
connection set-up procedure. The RNC node (FIG. 5) in the 
access network is the communication party in the negotia- 
tion procedure and will control which cell level will be 
ultimately used by the connection. At connection set-up, the 
access network will get the required bandwidth for the 
connection from the mobile terminal (or from a look-up 
table or the like). If there is a terminal-originated connection 
set-up, the terminal can choose the level for the connection 
in the cell hierarchy. As described with respect to FIG. 7, if 
the network finds another level more appropriate for the 
connection, the network can order a frequency handover to 
an appropriate cell level. If, on the other hand, the connec- 
tion set-up is terminal terminated, the required bandwidth is 
sent from the core network to the access network at con- 
nection set-up. This bandwidth requirement for the connec- 
tion can be in the form of a minimum level that is acceptable 
for the connection. One way that this bandwidth requirement 
can be sent to the access network in a GSM environment (as 
an example) is shown below. 
For Terminal Originated Calls 
Step 1: Ask for a signaling channel, on the random access 
channel; 

Step 2: Inform the terminal on an access grant channel 
from the network which signaling channel is available 
for its use; and 

Step 3: Have the mobile terminal send a connection set-up 
message on the dedicated control channel, which mes- 
sage includes a bandwidth requirement for the connec- 
tion. 
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The above procedure is relevant to the standardization of 
GSM cellular networks and an analogous procedure will be 
known to those of ordinary skill in the art in employing the 
present invention in non-GSM procedures. 
For Terminal Terminated Calls 

For terminal-terminated calls, the following procedure 
can be employed for connection-setup: 

10 Step 1: Send a page request on the page channel, which 
request includes the bandwidth requirement for the 
connection; 

Step 2: Request a dedicated signaling channel on the 
random access channel; 
15 Step 3: Get a signaling channel, answer on an access grant 
channel; 

Step 4: Get a page response from the mobile terminal on 
the dedicated signaling channel; and 
20 Step 5: Send a connection set-up message to the network 
from the mobile terminal. 
While the invention has been described in connection 
with what is presently considered to be the most practical 
and preferred embodiments, it is to be understood that the 
25 invention is not to be limited to the disclosed embodiments, 
but on the contrary, is intended to cover various modifica- 
tions and equivalent arrangements included within the spirit 
and scope of the appended claims. 
What is claimed is: 

1. A cellular telecommunications system for mobile 
radios, the system servicing a defined geographic area of a 
first layer of cells defined by first layer base stations, each of 
said first layer cells having associated relatively smaller 
35 geographic coverage areas; and a second layer of cells 
defined by second layer base stations, each of said second 
layer cells having associated relatively larger geographic 
coverage areas; said first and second layers of cells generally 
overlapping; the system comprising: 

40 

a mobile radio access node coordinating call connections 
between said mobile radios and said first and second 
layers of base stations in accordance with minimum 
bandwidth requirements of said call connections such 
45 that preference for said second layer base stations is 
given to call connections having lower minimum band- 
width requirements and preference for said first layer 
base stations is given to call connections having higher 
minimum bandwidth requirements. 
50 2. A system according to claim 1, wherein preference for 
said second layer base stations is given to call connections 
to more mobile ones of said mobile terminals and preference 
for said first layer base stations is given to call connections 
to more stationary ones of said mobile terminals. 
55 3. A system according to claim 1, wherein: 

the plurality of mobile radios include cellular telephone 
and cellular computers and wherein the mobile radio 
access node coordinates call connections to the cellular 
60 telephones by giving preference to said second layer 
base stations and coordinates call connections to the 
cellular computers by giving preference to said first 
layer base stations. 
4. A system according to claim 1, wherein the mobile 
6S radio access node further includes an input to receive call 
requests including information defining said minimum 
bandwidth requirements for said call requests. 
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5. A system according to claim 4, wherein the input 
receives said call requests from said mobile radios. 

6. A system according to claim 4, further including a core 
network in communication with the radio access node, and ^ 
wherein the input receives said call requests from the core 
network. 

7. A method of connecting a cellular call originating from 
a mobile radio within a cellular system including first layer 
base stations coordinating cellular communication in rela- 10 
lively small geographic cells and including second layer 
base stations coordinating cellular communication in rela- 
tively large geographic cells overlapping said relatively 
small geographic cells, the method comprising the steps of: 15 

determining a minimum bandwidth requirement for the 
cellular call; 

attempting to connect the call to a first layer base station 
if said minimum bandwidth is relatively high compared 2Q 
to a traffic handling characteristic of the second layer 
base stations; and 

attempting to connect the call to a second layer base 
station if said minimum bandwidth is relatively low 
compared to a traffic handling characteristic of the first 25 
layer base stations. 

8. A method according to claim 7, wherein: 

the mobile radio originating the call performs the step of 
determining. 

9. A method according to claim 8, wherein: 

the mobile radio originating the call selects, in a prelimi- 
nary decision, whether to connect a call via a first layer 
base station or via a second layer base station, based on 
the minimum bandwidth determination, and 3J 

the cellular system analyzes the propriety of the prelimi- 
nary decision. 
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10. A method according to claim 8, wherein: 

if the cellular system corroborates the preliminary 

decision, the mobile radio connects to a base station of 

the selected layer, and 
if the cellular system rejects the preliminary decision, the 

mobile radio connects to a base station of an unselected 

layer. 

11. A method according to claim 7, further including the 
steps of: 

redirecting traffic from first layer base stations to said 
second layer base stations when said call connect is 
attempted to a first layer base station. 

12. A method according to claim 11, wherein: 

the redirected traffic is associated with prior call connec- 
tions of relatively low minimum bandwidth compared 
to a traffic handling characteristic of the first layer base 
stations. 

13. A method according to claim 12, wherein: 

the redirected traffic is associated with cellular telephone 
call connections. 

14. A method according to claim 7, further including the 

steps of: 

redirecting traffic from second layer base stations to said 
first layer base stations when said call connect is 
attempted to a second layer base station. 

15. A method according to claim 14, wherein: 

the redirected traffic is associated with prior call connec- 
tions of relatively low minimum bandwidth compared 
to a traffic handling characteristic of the first layer base 
stations. 

16. A method according to claim 15, wherein: 

the redirected traffic is associated with cellular computer 
call connections. 

***** 
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